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ABSTRACT
This paptr analyzes systematic deviations of observed futures price from
the value predicted by the simple cost-of-carry relationship. We focus on
a new da:a set comprising of Dutch stock index futures contracts traced on
the Euroiext in Amsterdam. The result; show that an increase in volatility
of the underlying stock index leads to a decrease in the deviations of
actual fu'ures prices from theoretically calculated values. We also find that
the open interest in futures contract is positively related to the stock index
volatility
1. INTRODUCTION
The most popular model for the pricing of futures contracts is the cost-of-carry
model, accarding to which the futures price should equal its "fair" value.
1 For
a dividend paying underlying instrument this "fair" value is simply th; futures
price of the spot minus the future valuj of the dividends that accrue before
expiration. In practice, the simple cost-of-carry relationship is obscured by a
number of factors. As shown by Cox, Irgersoll and Ross (1981), and Richard
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and Sundaresan (1981), the futures pice may differ from the forvard price if
interest rates are stochastic. Hemlerand Longstaff (1991) show that this will
indeed be the case if there is a technological change that introduces randomness
into the economy.
Trading frictions introduce additional deviations from the cost-of-carry
relationship. The most obvious trading frictions are taxes, commissions, fees
and the bid-ask spread. These nortrivial transaction costs create arbitrage
bounds around the "fair" value. As long as observed prices are inside these
bounds, an arbitrage operation like shorting the more expensive alternative and
buying the cheaper one, will not produce a risk-free profit.
Ever within the arbitrage bounds the observed price is pulled towards the
fair price. Investors should simply opt for the cheaper one of the two identical
alternatives, thus making two prices to converge. Deviations from the "fair"
value are expected if investors experience substantial differences in transaction
costs or liquidity between the markets. However, in the absence of systematic
differences between the markets the divergence should be randomly distributed
around zero.
Among the first to report results on the presence of systematic deviations
from tie cost-of-carry relationship are MacKinlay and Ramaswamy (1988).
Investigating S&P 500 futures at 15 minutes time intervals for the period April
1982-June 1987 they conclude that there are persistent dev:ations from
the cost-of-carry model that increase in size with the time to maturity of the
contract. Brenner, Subrahmanyam and Uno (1989) document significant price
deviatbns using the Nikkei Stock Average index data for Japan, and Strickland
and Xi (1993) and Yadav and Pope (1994) using the FTSE 100 index data for
the United Kingdom.
Chen, Cuny, and Haugen (1995, henceforth CCH) explore the determinants
of the deviations between observed futures prices and their "fair" values. They
first develop a model which predicts a negative relationship between these
deviatbns and the underlying stock market volatility. They assume that
investors differ with respect to the customization value (the net advantage of
investing in stocks relative to futures). A high customization value for holding
stocks may arise: (a) due to the neec to hedge against risks produced by a large
stake in non-tradable assets, (b) due to favorable private information, or (c) due
to potential tax timing benefits related to capital gains taxation. Since having a
customization value is specific for holding a position in stock but not for
futures, investors faced with an increase in market volatility tend to adjust the
riskiness of their asset portfolios mostly with the help of futures rather than
stocks. This implies that the futures price will drop relative to its "fair" value.
In other words, the basis (defined as the observed futures price minus the "fair"
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value) will decrease. Furthermore, since investors with a high customization
value attached to their stcck-holdings respond to an increase in volatility by
increasing the magnitude of their futures position, tore will be a positive
relationship between the open interest in futures and the volatility of the
underlying.
As far as we know, Chen, Cuny and Haugen (1995) vere the first to provide
empirical test of factors causing the mispricing of stock index futures. They
analyze data on S&P 500 index for the period January 1986-May 1990.
They document empirical results consistent with the model predictions. Since
one can argue that the dati used by CCH was familiar to them when developing
the theoretical model, there is a need for a test on independent data sets. The
purpose of this study is tc report the results of such a test.
An additional feature of the study is that capital gains taxes do not play a
very significant role in the Netherlands. Individuals, pension funds and
recognized mutual funds ire not subject to capital gains tax at all. Corporations,
banks and insurance companies are also exempted from capital gains tax when
they own at least 5% of :he stock of another taxable company over the entire
previous fiscal year. Major Dutch investors, therefore, do not suffer from
capital gains tax. This eliminates one of the tax consecuences present in many
markets, i.e. investors' customization values may differ significantly. Investors
who are subject to capital gains tax will prefer to initiate (defer) certain trades
in order to benefit from losses (gains). Similar preferences for trading in
specific stocks are not expected to be present in the Netherlands. It is
interesting to examine whether this and other institutional differences will
result in a change in the predicted relationship.
2 This study, therefore, sheds
some light on the impict of different institutional characteristics and thus
provides a test of the general validity of the predictions of the CCH model.
The remainder of the paper is structured as follows. The next section
presents the institutional setting and the data. Section 3 describes the
methodology employed in the study while in Section 4 the empirical results are
presented. The last section summarizes the findings of the paper.
2. DATA
The data used in this study are from the Netherlards. Specifically, we use
futures contracts on the Amsterdam Exchange Index :overing the period from
the beginning of 1991 to the end of 1993.
1* The sample is restricted to the
* The index was known as tie European Options Exchange (EOE) index - the term that we use
throughout the rest of the pafer.TOM BERGLUND AND REZAIL KABIR
contracts that expired during this period, including the series that expired in
January 1994. The data are provided to us by the Financial Futures Market
Amsterdam which is a wholly owned subsidiary of the Europear Options
Exchange The EOE-index consists of 25 of the most actively Dufch traded
stocks. The number of each share in the index is adjusted in response to stock
splits, sto:k dividends and rights~issues. The index was not value-weighted
4
during the sample period but the actual weight of a company still changed in
proportion to its relative market value. The size of the futures contract is 200
times the index.
The expiration day for the futures contracts is the third Friday of the month.
In each month of the year there are futures contracts that expire. Trading in the
contracts that expire in January, April, July, and October starts ore year in
advance, whereas trading in contracts expiring in any other month starts
approxirmtely three months in advance. When a new contract is listed some
time elapses before active trading commences. To avoid problems caused by
lack of liquidity some observations from the beginning of the lifetime of the
contract are excluded from the analysis.
5
The rrost natural way to measure the expected volatility is to use the
volatility implied in prices for traded options on the EOE-index. These prices
should reflect the market's expectations concerning the volatility during the
remaining lifetime of the futures contract. The implied standard deviations
(ISDs) thit we use are trading volume weighted averages for ISDs computed
with the Black and Scholes (1973) fcrmula on near-the-money cal and put
contracts on the EOE-index. The ISDs are provided to us by the Institute for
Research and Investment Services in Amsterdam.
6
In order to compute the "fair" futures price, the futures price is acjusted for
any dividends that accrue during the remaining time to expiration. It i> assumed
that divicends are known in advance by investors. Dividends thai are paid
during the remaining lifetime of the contract are multiplied by the lumber of
shares in the index, and compounded to the expiration date using the one-
month Amsterdam Inter Bank Offered Rate.
7 This rate was collected from
Datastream. Finally, to obtain the "fair' value of the futures contract, the future
value of dividends is subtracted from the expected future value of the spot.
The database was created by selecting the data for each Wednesday. When
data for Wednesday was missing, the data for Thursday was used instead. In
one case the data for Tuesday was used for the lack of both Wednssday and
Thursday data. Closing prices are used throughout the study. Since the EOE-
index cortains the most frequently traced shares, the problems caused by stale
prices in :he index should be negligible.
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3. METHODOLOGY
The first testable hypothesis is that the basis should be negatively related to the
volatility of the underlying index. Therefore, we perform the following
regression:
BAS, = a + pnBASl-7 + 3lEOE1 + p2EOEt+l + (J){ISD
2-T} + e, (1)
where BAS, is the basis 01 day t, EOE is the return of die stock index, ISD is
the implied standard deviation, T is the number of da/s to expiration of the
contract. The a and the (3s are the constant and the regression coefficients, and
e is the error term.
The reason for including the return on the underlying index, both
contemporaneous and one period lead, is to control for non-synchronous
changes in the futures price and the value of the index itself (see, for example,
MacKinlay & Ramaswaray, 1988; Stoll & Whaley, 19?0; and Chan, Chan &
Karolyi, 1991). Furthermore, in view of the fact that stock index futures
mispricing tends to persist over several time periods, a lagged dependent
variable is added to the regression (see, for example, Yadav & Pope, 1994; and
Chen, Cuny & Haugen, 1995). To check for sampb-sensitivity, the same
regressions are estimated on two subsets, the first subset containing all
contracts that expired before July 1992, and the second subset containing the
rest of the contracts.
The second hypothesis posits a positive relationsiip between the open
interest in futures contracts and the volatility of the underlying index. In order
to test this hypothesis, we perform the following regression:
01, = a + po ISO, + (J, T, + P2 CN, + s,, (2)
where 01 is the open interest in the futures contract, ISE is the implied standard
deviation, T is the number of days to the expiration of the contract, and CN is
the chronological order of the contract. The time to expiration variable is
included to account for the cumulative increase in the open interest as the
contract approaches maturity. The contract number vaiable is included as a
crude way to capture the upward trend observed in the EOE-futures market.
This trend could otherwise obscure the relationship belween the variables that
we are interested in.
4. EMPIRICAL RESULTS
Table 1 presents summary statistics of the data used in this study. The most
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the logarithm of the observed futures price minus the logarithm of its "fair"
value.
8 Consistent with previous studies, we observe that the average basis is
negative. The standard deviation for the sample mean is 0.690A/600 = 0.029
which implies that the basis is significantly negative, to other words, futures
prices tended systematically to be below their "fair" values.
The regression results relating the basis with the volatility of the underlying
index are reported in Table 2. The volatility variable is found to be negative and
statistically significant. The results provide support for the hypothesis of a
negative relation between basis and underlying stock volatility. The evidence is
also in line with that reported by Chen, Cuny and Haugen (1995). The main
difference is that the lagged basis is highly significant in our case. This
indicates a much higher degree of persistence in the deviation from the simple
cost-of-carry than the one found by CCH (1995) for S&P 500 futures contract.
High persistence can be due to the presence of nontrivial transaction costs thus
preventing arbitrageurs fnm acting.
We also observe that changes in the underlying index have an impact on the
basis. The highly significant positive coefficient for the simultaneous change in
the index is consistent with some sluggishness in the index produced by stale
prices in some of the included stocks.
9 As mentioned earlier, we split the
sample to check the robustness of the results. We observe that for the first sub-
period the coefficient for the change in the index with one lead is significantly
negative. It indicates a sight overreaction in futures prices. But, the general
finding concerning the negative impact of stock return volatility on the basis
does not alter whether we include the underlying index or not.
The relatively high explanatory power and the high /-values for the whole
sample and the two sub-periods in Table 2 may reflect the fact that we are using
overlapping contracts, i.e. the same day is included :n several observations.
This lack of independjnce between observations should predominantly
increase the significance of the index returns, but not that of the volatility
(which will vary with the time to maturity of the contract). However, as an
additional control the same regression was also run on data consisting
exclusively of the shortest contract. The results are reported in the last two
columns in Table 2.
As expected, the statistical significance of the regressions using the non-
overlapping data covering only the closest-to-maturity contracts, is much
smaller. This is due to the drop in degrees of freedon, and the fact that the
dispersion in the explanatory variable is reduced by the reduced dispersion in
time to expiration. However, these results are in line with those obtained
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Table 3. Regressions of Open Interest on Volatility.
Regressions explaining thj open interest in futures contracts on the EOE-index
in 1991-1993. The open interest is measured in numberof contracts. ISD is the
implied standard deviation and T is the time to expiration of the contract
expressed in calendar days. CN is the chronological order of the contract,
January 1991 equaling l,and January 1994 equaling 37. The figures reported
























We extend our analysis by examining the relationship between the open
interest in futures contracts and the underlying volatility. The results are
reported in Table 3. The results reveal that the open interest tends to increase
as perceived volatility goes up. The coefficient for the volatility variable has the
predicted sign. It receives a significant coefficient only in the first regression,
though. In that regression the coefficient for the contract number-variable is
also highly significant. This coefficient estimate tells us that the number of
futures contracts written on the EOE-index has increased by 93 contracts per
expiration month in our sample period, other things being equal. Not
surprisingly, when this strong trend is left out in the second regression, the
relation between the volatility and the open interest is no longer statistically
significant.
5. CONCLUSIONS
This study empirically examines the relationship be.ween the deviations of
stock index future prices from its "fair" value and the volatility of the index.10 TOM BERGLUND AND REZAUL KABIR
Our results, which are based on data from the Netherlands, show thit the basis
(defined as the observed futures price minus the "fair" value) is significantly
negativey related to the volatility of the underlying index. Wher perceived
volatility is high the futures price tend to be lower relative to its 'fair" value
than when the perceived volatility is bw. This is consistent with th: view that
when tte perceived risk in the-stock market is high, investors vith a high
custorrmation value for holding stocks start hedging their positions by selling
futures contracts. We also observe that the open interest in futures contracts on
the Dutch stock index is significantly positively related to the volatility of the
index. Both of our results correspond to those obtained by Chen. Cuny and
Haugen(1995).
NOTES
1. This model explains the pricing of forward contracts but it is generally applied
also to he pricing of futures contracts. A difference in prices is prodaced by the
marked-to-market procedure which is used in trading futures contracts but not in
forwards There are studies showing that this difference is marginal, see e.g Cornell and
Reinganim (1981), and French (1983).
2. It can be mentioned here that the trading system on the Amsterdam Stock
Exchange was order-driven while that of the futures market on the Optiois Exchange
was open outcry and quote-driven. On the other hand, the quote-driven system is
predomiriantly used by both markets in the United States.
3. Futures contracts on the EOE-indei constitute the bulk of the futtres contracts
traded or the Exchange (85% in 1991-1993).
4. In February 1994 the weights were recalculated to correspond tc the market
capitalization of included stocks.
5. The criterion was that the open inte-est should be non-zero for that cay, and until
the expintion of the contract, for a day tc be included in our sample.
6. Kemna (1990) shows that implied standard deviations for individual stocks vary
significantly with the time to maturity of ihe contract. This is probably the case also for
the EOE-index options. However, using maturity-matched ISDs would also induce
more measurement errors into the variable when the number of optbns used in
calculating the ISD-estimated gets smaller.
7. In principle, the AIBOR should be chosen to correspond as closely is possible to
the time ;o maturity of the contract. However, we find that the AIBOR-rates for different
maturities are very highly correlated even in first differences. This indicates that the
benefits 3f using AIBORs for many different maturities do not justify the increase in
computational complexity.
8. In :he literature, basis is estimated differently by different researche-s. Following
Yadav aid Pope (1994), we use logarithnic difference, which has statistical properties
like normality and reduced heteroscedasicity. However, in order to compare with the
CCH results, we also use simple price differences.
9. For an early exposition of this aggregation problem in stock index:s see Fisher
(1966).
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